A new high-energy pulse compressor uses self-defocusing spectral broadening in anomalously dispersive quadratic nonlinear crystals, followed by positive group-delay dispersion compensation. Compression to sub-50 fs is possible from Joule-class 1.03 .urn femtosecond amplifiers in large-aperture KDP.
(a) 1 Here we consider theoretically self-defocusing spectral broadening in the anomalous dispersion regime of quadratic nonlinear crystals. After the crystal dispersive optics give temporal compression. When SPM and the group-velocity dispersion (GVD) have the same sign, wave breaking (WB) occurs [4] . The broadened spectrum develops ripples and the temporal shape becomes flat-top with strong steepening on the edges that eventually break up. Until this point the temporal chirp is extremely linear, and a near-flat spectral phase can be achieved by simple compensation of the 2.
order phase term alone (group-delay dispersion, GDD). At the Yb gain wavelengths (1.03 -1.06 .urn) few crystals have anomalous dispersion, but for KDP the zero-dispersion wavelength is Azo = 0.984 .urn. This large-aperture crystal is therefore interesting for compression of Joule-class fs pulses from Yb-based amplifiers. Cascaded SHG occurs when /'",kL » 2n: the pump will "feel" a Kerr-like nonlinear index change /'",n = nease!, where nease
and deff is the effective quadratic nonlinearity. Due to competing material nonlinearities nKerr the total nonlinearity is ncubic = nease + nKerr· Defining /'",kc as when neubie = 0, then neubie < 0 requires /'",k < /'",kc. For KDP a strong nKerr = 2 x 10-20 m 2 /W and low deff = 0.26 pm/V result in a low /'",kc = 4.7 mml . Ultrabroadband cascading requires a non-resonant interaction [3] ; resonant nonlinearities will occur for low /'",k due to group-velocity mismatch (GVM), but KDP has extremely low GVM at 1030 nm so even with the low phase mismatch we choose, /'",k = 2 mmi , the pump wavelength A.I [J.Lm 1 This technique can be extended to other crystals and pump wavelengths. For noncritical cascaded SHG the spatial walk-off is zero, implying that .uJ-level pulse energies are accessible, and accessing the large diagonal X( 2 ) elements gives a large deff and thus to dominating self-defocusing nonlinearities over a wide wavelength range. Near-IR soliton self-compression and supercontinuum generation was observed [3] and suggested also in the mid-IR range [5] . There pumping in the normal dispersion regime (A. < A.ZD) was required to create solitons, but in the anomalous dispersion regime (A. > A.ZD) one can expect similar behavior as for KDP shown above. In Fig. 2 we show the figure-of-merit FOM = In2,cascl/n2,Kerr vs. pump wavelength for a range of mid-IR nonlinear crystals. The n2,Kerr is calculated using the 2-band model, cf. [5] . The curves start right at their respective A.ZD and stop at the end of the transparency window.
All these crystals have an FOM > 1 as required to achieve self-defocusing, and since SH spatial walk-off is absent, multi-cycle mid-IR .uJ-level pulses from a commercial OPA is enough to achieve the required spectral broadening without the self-focusing problems encountered in [6] . Around 10 .um ZnTe is a potential candidate for compressing high-energy C0 2 laser pulses towards few-cycle duration without suffering from self-focusing limitations. Such pulses would be ideal as front-end for a high-harmonic generation experiment targeting the hard X-ray (10 keY) regime.
